This study aimed to evaluate the impact of RFID practices on retail supply chain performance. Empirical data was collected via an online survey of 300 retail companies, with 43.3% response rate. A hierarchical regression model was developed with eight RFID practices (warehouse, central warehouse, local warehouse, store, Standards, Transportation, Pallet, and software) as independent variables and eight supply chain performance variables as dependent variables. RFID impacted all supply chain variables (Plan, Forecasting, Source, Replenishment,
Introduction
Advanced technologies such as Radio Frequency Identification (RFID) have being increasingly used in industrial, medical and consumer segments to optimize wireless communications and have a potential to solve managerial problems of developing and implementing operations plans and systems. Various market research reports predict the growth in the manufacturing of RFID tags and their increased market acceptance. RNCOS (2010) in their research report predicted the growth rate in acceptance of RFID to approximately $9.7 billion with a Compound Annual Growth Rate (CAGR) of 17% from 2010-13.
Increased competition and advances in information technologies push for considerable structural changes in retail supply chains (Vlachos, 2004; Fearne and Hughes, 2000) . Though the benefits of RFID technologies are quite well known, empirical research indicates that they have limited applications retail supply chain. Therefore, there is a gap in our understanding how retail managers perceive the impact on RFID on supply chain performance. The aim of this study was to examine how RFID implementation in different stages of the retail supply chain may impact the performance of the supply chain. To measure the supply chain performance, several performance models were reviewed and a hierarchical regression model of performance indicators was adopted.
Literature Review

RFID applications in supply chain
There is consensus that RFID offers abilities in managing supply chains such as unique identification of products, intelligent communication and real-time information (Zhang et al., 2012) . These abilities affect all areas of supply chain such as warehouse management, transportation management, production scheduling, order management, inventory management and asset management systems (Bourlakis et al., 2011; Li et al. 2010) . Specific supply chain operations such as tracking, shipping, checkout and counting become more reliable and faster with RFID technology providing accurate and timely data for managing the information flows, which in turns leads to improved material flow and inventory management (Zeimpekis et al., 2008; Dai and Tseng, 2012) . Moreover, RFID systems offer a wealth of supply chain-related data and information that are used for improving the planning and control of supply chain operations (Blecker, and Huang, 2008; Ngai et al. 2010 ).
There is a number of benefits from RFID adoption in retail supply chains. RFID can be used for tracking merchandise and inventory (Wamba et al., 2008) on assets like pallets, cases, or bins wherein real time data collection is made possible unlike barcodes which require line-of-sight to read information (Tajima, 2007) . Senauer and Seltzer (2010) identified that RFID enablement at store helps in reducing out of stock merchandise through improved inventory control. Gaukler (2010) pointed out that RFID improves product availability and thereby improves overall profitability and store performance. RFID can also be used to intelligently exchange information with customers at store (Muller-Seitz et al., 2009) . Such an enablement with integrated electronic displays can also improve in-store customer experience (Hinkka, 2012) . Additionally, store managers can understand customer buying behavior and shopping pattern better, which in turn increases actual sales (Bertolini et al. 2012; Kholod et al., 2009) .
Supply Chain Performance
Improving supply chain performance has become one of the critical issues for sustaining competitive advantages for companies (Cai et.al. 2009; Estampe et.al, 2013) . Key performance indicators (KPI) used in supply chain performance evaluation have been designed to measure operational performance, evaluate improved effectiveness, and examine strategic alignment of the whole supply chain management (Gale et al., 2009; Chan and Qi, 2003) . Various studies have examined different KPIs using frameworks like Supply Chain Operations Reference (SCOR) and Balanced Score Card (BSC). The SCOR model gives emphasis on operational process and includes customer interactions, physical transactions, and market interactions. SCOR arranges chain performance measurements in levels of hierarchical structure. Level 1 consists of five supply chain processes: Plan, Source, Make, Deliver, and Return. Since its introduction in 1996, the SCOR model is being increasingly adopted by companies to improve supply chain (Huang et al., 2005) .
RFID impact on SC Performance
Sari (2010) pointed out that suppliers can use real time sales data from stores to reduce overall inventory cost, thereby confirming that RFID is possibly explored more for collaborative supply chain rather than for traditional ones. An example for operational process improvements is the complete elimination of shelf inspection at Wal-Mart stores (Seideman, 2003) . Bendavid et.al. (2009) argued that adopting RFID to create automatic selfservice stores generates considerable benefits by reducing human resource effort to perform non value added activities. Similar, RFID enablement at a warehouse would enable the team to move towards optimized delivery from traditional batch delivery models (Vlachos, 2013) . Wilding and Delgado (2004) analysed RFID implementations in warehouses or distribution centers within Marks and Spencer, Scottish Courage and Wal-Mart and its impact on improving supply chain performance in notable areas such as fulfillment lead times, inventory availability, reduction of shrinkage, etc. following the RFID implementation. Ganesan et.al. (2009) identified the need to collect cross channel customer information across these sales channels' through adoption of RFID and combine the insight about customer with suppliers' capabilities to bring about innovation in the supply chain.
Research Methods
Research design
In order to develop a robust model linking RFID practices and supply chain performance, we drew our sample from large retail companies across the globe. Having obtained positive response, a questionnaire, which had initially pretested by interviewing experts, was sent out to 300 retail companies via an online questionnaire. The questionnaire was sent to retail business managers. Screening questions filtered those who possessed adequate knowledge of RFID applications. Respondents were from all over the world, including the Americas (26%), Europe (30%); and Asia (30%). 130 usable questionnaires were returned and the response rate was 43.3%. To ensure that the respondents were comparable to non-respondents, analyses of variances were conducted between these groups. The non-response bias was assessed by comparing early respondents with late respondents (Armstrong and Overton, 1977) .
Measures
We used eight RFID variables. The first four variables measured the application of RFID in a specific location across the supply chain (Supplier's warehouse; Retailer's central warehouse; Retailer's local warehouse; Retailer's owned store) and the other four variables the utilization of RFID enablers (standards, transportation, pallet level, specialized software). Supply chain performance was measured with eight key performance indicators based on the SCOR model:
Plan, Forecasting, Forecasting, Source, Replenishment, Ordering, Distribution & Delivery, Store Operations, and Sales & Returns. Each KPI was measured with two or three measures and in total seventeen supply chain performance measures were used. All variables were measured on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Since both the KPI measures and the eight predictor variables were self-reported on the same survey instrument, both measures share common methods variance. We used the Harmon's factor test to examine common methods variance and nine factors emerged, with the first factor only accounting for 26.772% of the variance. Thus, common method variance is unlikely to bias this sample. 
Results
Univariate analysis
Hierarchical regression
We conducted hierarchical multiple regression to determine the best linear combination of RFID practices for predicting supply chain performance. We entered variables in three steps (Figure 1 ). Initially, we entered the control variable (Firm size, measured by the number of employees) in Step 1 of the regression equation. In
Step 2, we entered the eight RFID practices into the regression equations. Finally, in
Step 3, we entered the 28 interactions of the eight factors into the regression equations. Hierarchical regression results of RFID practices on the eight KPI supply chain performance measures are reported in the summary Table 2 .
The combination of RFID practices in Step 2 significantly predicted The Plan performance variables. The beta weights, suggest that F1, F5, F7, F8 contribute most to predicting perceived overall supply chain performance. The change in adjusted R square value was for Category Planning .161, p<.01 (F=2.390, p<.1) and for Financial Planning .130, p<.01 (F=1.913, p<.1). These values indicate that 16.1% and 13% of the variance of PLAN performance was explained by the model.
The changes in adjusted R square values in
Step 2 and Step 3 for Forecasting variables were not significant. In sharp contrast, the changes in the model with Source performance variables were significant. In particular, in Step 2, the entering of 8 RFID variables resulted in a change in adjusted R square of a value of .216 p<.001 (F=5.7111, p<.001) for Purchases and .199 p<.01 (F=3.076, p<.01) for Overall Supplier Performance respectively. In Step 3, were all interactions of RFID variables were entered in the equation, the change in adjusted R square values increased to .363 p<.01 (F=2.836, p<.001). This indicates that RFID implementations may result in improvement of sourcing performance from 21.6% to 36.3%. Step 2
Step 3 F=2.640, p<.001) . This indicates that about 17% improvement of replenishment due to RFID implementation. The hierarchical modeling of Ordering resulted in unique findings. In particular, Step 2 for Supplier Stock Availability showed no significant findings, yet Step 3, there was a significant in change of adjusted R square value of .454 p<.001 (F=2.448, p<.001). For Lead Time, only Step 2 had significant change in adjusted R square value of .168 p<.01 (F=2.781, p<.01). This indicates that when RFID is widely used across the supply chain, there is a 45.4% improvement in stock availability.
Supplier Stock Availability
Supplier Lead Time showed a significant change in adjusted R square value of .122 p<.01 (F=2.723, p<.01) in Step 2 and .300 p<.1 (F=2.036, p<.01) in Step 3, respectively. Regarding Store Operations, Wastage at Stores had a very significant change in adjusted R square value of .422 p<.001 (F=2.111, p<.01) in Step 2 and Average Safety Stock Levels a change of .147 p<.001 (F=2.230, p<.1) in Step 3. Sales Increase had a very significant change in adjusted R square value of . 401 p<.01 (F=1.862, p<.1) in Step 3 and Order Fulfillment a change of .204 p<.001 (F=5.317, p<.001) in Step 2 and .260 p<.1 (F=2.839, p<.001) in Step 3.
Discussion & Conclusions
This study contributes to both the RFID and supply chain performance literatures in a number of ways. Firstly, all KPI variables, except Forecasting, showed a significant relation to RFID variables. The hierarchical models showed that there was no single RFID variable that contributes significantly to supply chsin performance. On the contrary, when all RFID variables were entered, in Step 2, in the regression equation, then they produced significant and statistically power results. In some cases, the combination of all variables and their interactions (Step 3) produced significant results too, yet there is less statistical power when a regression equation has 37 independent variables (the control, the eight RFID variables, and their interactions) than nine (all but the interaction variables). As expected, the RFID implementation has no significant effect on demand forecasting. However, it has significant effect on Supplier Stock Availability (45.4%), Wastage At Stores (42.2%), Sales Increase (40.1%), and Overall Supply Performance (36.3%). These results show that over 47.5% of the variance of supply chain performance is explained by the model. According to Cohen (1988) , this is a large effect. Through the implementation of RFID, retailers and their suppliers have access to more accurate and detailed knowledge of inventory, demand and supply history.
Although an increase of 40% should be considered as huge improvements in supply chain performance, lower percentages are not neglectable. In particular, RFID had significant impact on Order Fulfillment (26%) Purchase (21.6%), Source Replenishment (17%), Lead Time (16.8%), and Supplier Lead Time 12.2%. By providing more clarity of information about KPIs across the supply chain, managers can make more accurate decisions more quickly. These in turn allowed for production lead time to be reduced.
One limitation of the findings is the use of self-report questionnaires to collect data on all measures. This limits our ability to draw conclusions about the causal nature of the relationships. Despite these limitations, this study provides evidence regarding the effects of RFID on supply chain performance and suggests that RFID needs to be applied widely across the supply chain in order to increase performance even at high levels such as 40%.
However, this wide application of RFID needs the necessary technical infrastructure including standardization of data exchanges and application of proper software applications. RFID technology is in its early phases of adoption. Supply chain members are just in the beginning of the adoption phase where they evaluate the benefits that this technology can provide in improving operations, reducing costs, and improving customer satisfaction. As is the case of any new technology adoption, managers must consider the relative advantage of this technology and how it fits to their organizational culture. However, as an interorganizational technology, RFID can bring mutual benefits to more supply chain partners, therefore the key performance indicators need to include a wider spectrum of supply chain activities.
As the development and implementation of RFID technology has been one of the most widely discussed topics, the findings of this research may be very helpful for business managers in manufacturing, 3rd Party Logistics providers, retailers as well as small and medium-size suppliers. The first major managerial implication is that, given that the RFID impact on performance indications such as inventory management are 40%, RFID adoption can provide a source of sustainable competitive advantage. These potential performance improvements will attract more companies in the near future and increase the competitive around RFID implementations. With the help of this study, supply chain managers can better understand how RFID adoption impacts on eight different supply chain areas. The detailed analysis (change in r squares, F-power, and beta-values) can provide insights on how different RDID combinations would impact supply chain performance. Then, this study uncovers that RFID technology may drive the direction of future collaborative relationships among supply chain members. RFID requires a common understanding of various technological parameters, such as tags, software and data standardization. Thus, as more and more companies introduce RFID in their supply chain practices, the more the collaborative practices would depend on the RFID specific implementation. Retailers with a leading position in chain integration may play a pivotal role in the evolution of supply chain practices towards encompassing advanced technologies including RFID.
